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(54) Full-color light source unit 



(57) A light-emitting system has a base (2), and 
LEDs (3) disposed on a front surface (2a) of the base 
(2), The alignment of LEDs (3) includes a first group of 
LEDS each having first and second electrodes (3a, 3b) 
on a light-emitting surface side, and a second group of 
LEDs each having a first electrode on the light-emitting 
surface side and a second electrode on the base side. 
The first group of LEDS and the second group of LEDs 
are arranged alternately in a line on the front surface of 
the base. Even in the case where the LEDs are arranged 
densely, the LEDs can be mounted compactly because 



the LEDs can be connected easily by bonding wires(8). 
The first group of LEDs includes at least one blue LED 
(3B), green LEDs (3G) larger in number than the blue 
LED(3B). The second group of LEDs includes red LEDs 
(3R) larger in number than the blue LED (3B). A full- 
color light source unit has these LEDs (3) and is used 
so that light components emitted from the respective 
LEDs of the full-color light source unit are mixed togeth- 
er to form white tight in alight mixing portion. The white 
light is made incident into a surface light guide portion 
to make the surface light guide portion emit light. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to a full-color 
light source unit. Particularly, it relates to a full-color light 
source unit that can exhibit various color tones efficiently 
freely. Moreover, it relates to an improvement of a unit 
to be suitably used also as a white light source for back- 
lighting or front-lighting of a full-color liquid-crystal pan- 
el. 

[0002] The present application is based on Japanese 
Patent Applications Nos. Hei. 11-320425 and 
2000-1 40772, which are incorporated herein by refer- 
ence. 

2. Description of the Related Art 

[0003] Use of LEDs emitting three primary colors 
(RGB) of light as a full-color light source is known gen- 
erally. In such a general full-color light source, one red 
LED, one green LED and one blue LED were packed in 
one package. Such a full-color light source can emit de- 
sired-color light as well as white light under suitable con- 
trol on the respective LEDS. 

[0004] For example, a surface light source disclosed 
in JP-A-1 0-31 9396 is used as a white light source for a 
liquid-crystal panel. In the surface light source, a blue 
LED is used as a light source. The blue LED is arranged 
in an end portion of a first rod-like light guide plate. The 
first light guide plate is attached to a light entrance sur- 
face of a second panel-like light guide plate. A layer of 
a color conversion member made of a fluorescent ma- 
terial is formed in a portion of the first light guide plate 
opposite to the light entrance surface of the second light 
guide plate. The color conversion member absorbs blue 
light emitted from the blue LED and emits yellow light. 
As a result, the yellow light emitted from the color con- 
version member and the blue light emitted from, the blue 
LED are mixed together to synthesize white light. The 
white light is made incident into the second panel-like 
light guide plate. Thus, the second light guide plate 
serves as a white surface light source forback-lighting 
of a liquid-crystal panel. 

[0005] The while light emitted from the white surface 
light source disclosed in JP-A-1 0-31 9396 is, however, 
a mixture of the blue light emitted from the blue LED and 
the yellow light emitted from the fluorescent material. 
Hence, it is difficult to develop red when full-color display 
is to be achieved by liquid crystal. This is because the 
white light contains a slight amount of red light compo- 
nent. Moreover, there is a problem in the durability of 
the fluorescent material because the fluoresc nt mate- 
rial is apt to change with the passage of time compared 
with LED. Moreover, 100 % of the light emitted from the 
blue LED does not appear on a light-emitting surface 



and a conversion loss occurs in the conversion of the 
blue light into the yellow light because the blue light emit- 
ted from the blue LED is mixed with the yellow light due 
to the conversion of a part of the blue light. Hence, there 
is also a problem that sufficient light-emitting efficiency 
cannot be obtained. In addition, the tone of color cannot 
be changed. 

[0006] According to a general full-color light source 
using LEDs with three primary colors (RGB) of light full- 
color light containing a sufficient amount of red light 
component can be generated. If white light developed 
by such a full-color light source is used for back-lighting 
of a full-color liquid-crystal panel, red can be expressed 
sufficiently even in the full-color liquid-crystal panel. 
Therefore, the inventors of the present invention have 
made investigation and investigation into a full-color 
light source using RGB LEDs efficiently and the use of 
the full-color light source for lighting of a full-color liquid- 
crystal panel. As a result, the inventors have found the 
following problem. 

[0007] In characteristic of currently generally availa- 
ble LEDs, a green or red LED is inferior in the light emis- 
sion output (Luminance) to a blue LED. For example, in 
a full-color light source unit having one blue LED, one 
green LED and one red LED, therefore, it was necessary 
to suppress the output of the blue LED to balance with 
the outputs of the green and red LEDs. 
[0008] Such balance, however, makes efficiency 
worse because the blue LED cannot emit light with full 
power. Particularly in a white surface light source to be 
used in a portable apparatus, such balance is undesir- 
able because high efficiency is required from the point 
of view of power consumption saving. 
[0009] Further another problem which the inventors 
have found will be described. 
[0010] JP-A-1 1-329044 discloses a background-art 
light-emitting system for back-lighting of a full-color liq- 
uid-crystal panel. 

[0011] The light-emitting system comprises a row of 
LED chips, and a light guide portion for receiving light 
from the row of LED chips through an incident surface 
of the light guide portion and making the light propagate 
through the inside of the light guide portion to thereby 
make surface-like back-lighting beams exit from an exit 
surface of the light guide portion. The row of LED chips 
are constituted by red (R), green (G) and blue (B) LEDs. 
Each of the R, G and B LEDs has a narrow -band emis- 
sion spectrum. Hence, when the R, G and B LEDs are 
made to emit light, R, G and B light components emitted 
from the LEDs are mixedtogethersothatthe liquid-crystal 
panel canbeirradiated with white back-lighting beams. 
[0012] According to the background-art light-emitting 
system using light-emitting devices with three colors R, 
G and B, however, the number of wire-bonding points 
became so large that the light-emitting devices could not 
be mounted compactly because each of the G and B 
light-emitting devic s had positive and negative elec- 
trodes on the light-emitting surface side. Hence, the dis- 
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tance between adjacent ones of the light-emitting devic- 
es became so large that it was difficult to achieve a point 
light source. Moreover, improvement in color balance 
was limited. Moreover, when the light-emitting devices 
were increased in number, the total heating value be- 
came so large that the output power is lowered, the life 
of the light-emitting system is shortened, etc. 

SUMMARY OF THE INVENTION 

[0013] An object of the present invention is to provide 
a full-color light source unit that can exhibit various color 
tones efficiently freely. 

[0014] Another object of the present invention is to 
provide a light-emitting system in which reduction in size 
can be made in the case of use of a plurality of light- 
emitting devices to thereby make improvement in color 
balance possible. 

[0015] Slid another object of the present invention is 
to provide a light-emitting device in which lowering of 
output power and shortening of the life of the light-emit- 
ting system can be avoided in the case of use of a plu- 
rality of light-emitting devices. 

[0016] In order to achieve the above objects, accord- 
ing to an aspect of the present invention, there is pro- 
vided a light-emitting system comprising a plurality of 
light-emitting devices mounted on a substrate, wherein: 
the plurality of light-emitting devices include a first group 
of light-emitting devices and a second group of light- 
emitting devices, each of the first group of light-emitting 
devices having first and second electrodes on a light- 
emitting surface side, each of the second group of light- 
emitting devices having a first electrode on the light- 
emitting surface side and a second electrode on a side 
opposite to the light-emitting surface side; and the first 
group of light-emitting devices and the second group of 
light-emitting devices are arranged alternately in a line 
on the substrate. 

[0017] According to the aforementioned configuration 
in which the first group of light-emitting devices each 
having two electrodes on the light-emitting surface side 
and the second group of light-emitting devices each 
having one electrode on the light-emitting surface side 
and one electrode on the substrate side are arranged 
alternately on the substrate, the light-emitting devices 
can be mounted compactly because the light-emitting 
devices can be connected easily by bonding wires even 
in the case where the light-emitting devices are ar- 
ranged densely. Incidentally, the concept "substrate" 
used herein includes a printed-circuit board in which 
leads to be connected to the first and second electrodes 
are printed on the board by a circuit-printing technique, 
a lead frame-structural substrate formed by a technique 
in which an electrically insulating material is injected into 
a mold in the condition that a lead frame corresponding 
to the leads to be connected to the first and second elec- 
trodes is arrang d in the mold, tc. The concept "light- 
emitting device" means a bare chip such as an LED pro- 



vided with first and second electrodes.. 
[0018] According to another aspect of the present in- 
vention, there is provided a light-emitting system com- 
prising a plurality of light-emitting devices mounted on 

5 a substrate, wherein:.the substrate includes a common 
lead being common to the light-emitting devices, and in- 
dividual leads being peculiar to the light-emitting devic- 
es respectively, the common and individual leads being 
formed as predetermined patterns on a front surface of 

10 an electrically insulating base; and each of the common 
lead and the individual leads has a portion extended to 
one side surface of the electrically insulating base. 
[0019] According to the aforementioned configura- 
tion, the heat- radiating area of the light-emitting system 

75 increases as a whole because each of the leads to be 
connected to the light-emitting devices is extended from 
a front surface of the substrate to a side surface of the 
substrate. 

[0020] According to a further aspect of the present in- 
20 vention, there is provided a light-emitting system com- 
prising a plurality of light-emitting devices mounted on 
a substrate, wherein: the light-emitting devices include 
a first group of tight-emitting devices capable of emitting 
light with a predetermined heating value, and a second 
25 group of light-emitting devices capable of emitting light 
with a heating value smaller than the predetermined 
heating value; and the first group of light-emitting devic- 
es and the second group of light-emitting devices are 
arranged in a line on the substrate so that the first group 
30 of light-emitting devices are not adjacent to one another. 
[0021] According to the aforementioned configura- 
tion, heat generated by the plurality of light-emrtting de- 
vices can be dispersed. 

[0022] According to a still further aspect of the present 

35 invention, there is provided a light-emitting system com- 
prising a plurality of light-emitting devices mounted on 
a substrate, wherein: the light-emitting devices include 
a first group of light-emitting devices with a predeter- 
minedheight, and a second group of light-emitting de- 

40 vices with a height lower than the predetermined height; 
and the first group of light-emitting devices and the sec- 
ond group of light-emitting devices are arranged in a line 
on the substrate so that the first group of light-emitting 
devices are not adjacent to one another. 

45 [0023] According to the aforementioned configura- 
tion, light radiation from one member Jn the first group 
of light-emitting devices to the outside can be prevented 
from being disturbed by other members in the first group 
of light-emitting devices. 

50 [0024] The present invention has been attained to 
solve the problem and the configuration thereof is as fol- 
lows. 

[0025] That is, a full-color light source unit comprises: 
at least one blue LED; green LEDs larger in numberthan 
ss the bfue LED; and red LEDs larger in number than the 
blue LED. 

[0026] According to th full-color light source unit con- 
figured as described above, green LEDs and red LEDs 
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low in light emission output are set to be larger in number 
than the blue LED high in light emission output. Hence, 
white light can be generated while the outputs of the re- 
spective LEDs are balanced with one another without 
any limitation on the output of the blue LED. Hence, 5 
there is no lowering of efficiency in light emission. 
[0027] The respective numbers of blue, green and red 
LEDs are not particularly limited. In consideration of the 
demand for miniaturization on the liquid-crystal panel it 
is preferable that the full-color light source unit compris- 10 
es one blue LED, two green LEDs, and two red LEDs 
According to the inventors' investigation, it has been 
found that optimum white light is obtained in the afore- 
mentioned combination of currently available LED when 
the respective LEDs are made to emit light with nearly '5 
full power. 

[0028] It is preferable that the green LEDs are made 
equal in number to the red LEDs. 
[0029] It is preferable that a bare chip type LED is 
used as each of the LEDs and that ail the LEDs are 20 
packed in a package (housing). 
[0030] From the necessity for bonding work, or the 
like, a predetermined distance is taken between adja- 
cent ones of the LEDs in the full-color light source unit. 
Hence, the full-color light source unit cannot emit white 25 
light directly. White light can be only obtained when light 
components emitted from the respective LEDs in the 
full-color light source unit are mixed together in a light 
mixing portion. It has been realized that the arrange- 
ment of the respective LEDs must be considered in this 30 
occasion so that the light components emitted from the 
respective LEDs can be mixed efficiently in the light mix- 
ing portion or in other words the light components can 
be mixed sufficiently even in a small-size light mixinq 
portion. y 3£ 

[0031] It is first necessary that the blue LED smallest 
in number and highest in single output is placed in the 
center of the arrangement of LEDs. The "arrangement 
of LEDs" includes so-called linear arrangement in which 
LEDs are arranged in a line, so-called planar arrange- 40 
ment in which LEDs are arranged radially or two-dimen- 
sionally to cover all over a plane, and so-called volumet- 
ric arrangement in which LEDs are arranged three-di- 
mensionally. Incidentally, in consideration of thefactthat 
a light entrance surface of a surface light source to be <s 
used for back-lighting or front-lighting of a liquid-crystal 
panel is shaped like a narrow plane, it is preferable that 
LEDs are arranged in a line in accordance with the 
shape of the light entrance surface. 

[0032] In the arrangement of LEDs, it is preferable so 
that green LEDs and red LEDs are arranged symmetri- 
cally with respect to the blue LED disposed as the center 
of the arrangement. That is, when B, G and R express 
a blue LED, a green LED and a red LED respectively 
the following arrangement patt ms are used pr f rably 55 



(Arrangement Pattern 1) G-R-B-R-G 
(Arrangement Pattern 2) R-G-B-G-R 



[0033] Of these, the arrang ment pattern 1 is espe- 
cially preferred. Both posrtive and negative electrodes 
are provided on the upper surface of each of general 
blue and green LEDs whereas only one electrode is pro- 
vided on the upper surface of each of general red LEDs 
This is because in consideration of wire-bonding work- 
ability and proximate arrangement of LEDs with avoid- 
ing crossing of wires, ft is preferable that red LEDs small 
in the number of electrodes are arranged on the side as 
near to the center as possible. 
[0034] From the point of view of facilitation of wire- 
bonding work, or the like, the following LED arrange- 
ment pattern may be used. 

(Arrangement Pattern 3) R-R-B-G-G 
[0035] Besides the aforementioned LED bare chips 
a wiring portion for wiring the LEDs, a transparent resin 
for enclosing the LEDs, a housing, etc. are provided in 
the full-color light source unit. Bonding pads are provid- 
ed in the wiring portion. The bonding pads are wire- 
bonded to the electrodes of the LEDs respectively. The 
wiring portion further has a connector, by which the re- 
spective LEDs are electrically connected to external 
power supply lines and control lines. 
[0036] The full-color light source unit is combined with 
a light mixing portion to constitute a full-color light 
source. 

[0037] That is, light components emitted from the re- 
spective LEDs of the full-color light source unit are 
mixed together in the light mixing portion to thereby gen- 
erate various kinds of light. The light mixing portion is 
made of a light-transmissible material (such as meth- 
acryhc resin, polycarbonate, or the like) . The light mix- 
ing portion has a light entrance surface in which light 
components emitted from the respective LEDs are inci- 
dent, a mixing means for mixing the incident light com- 
ponents, and a light-emitting surface for emitting the 
mixed light. The light mixing portion may be made of 
lens-like glass or resin with which the respective LEDs 
are merely covered and which condenses and mixes 
light. Alternatively, the light mixing portion may be made 
of glass or resin containing a light scattering material. 
[0038] Further, the light mixing means may be consti- 
tuted by a portion 115 having a light scattering material 
and/or a portion 111 having a light reflection surface 113 
as described in the tenth embodiment (see Figs. 1 6A to 
16C) of the present invention. The light reflection sur- 
face is obtained by surface roughening such as etching 
sandblasting, electric discharging, or the like, or by 
white-printing or by white tape-sticking. 
[0039] A surface light source is constituted by a com- 
bination of the full-color light source and a surface light 
guide portion. 

[0040] The surface light guide portion is made of a 
light-transmissible mat rial (such as methacrylic r sin 
polycarbonate, or th like). The surface light guide por- 
tion is shaped like a plate corresponding to a liquid-crys- 
tal panel. The surface light guide portion has a light en- 
trance surface and a light-emitting surface through 
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system, Fig. 7C is a sectional vi w taken along the 
line E-E in Fig. 7A, and Fig. 7D is a sectional view 
taken along the line F-F in Fig. 7A; 
Fig. 8A is a plan view showing a light-emitting sys- 

5 tern according to a fourth embodiment of the 
present invention, Fig. 8B is a front view of the light- 
emitting system, Fig. 8C is a sectional view taken 
along the line G-G in Fig. 8A, and Fig. 8D is a sec- 
tional view taken along the line H-H in Fig. 8A; 

10 Fig. 9 is a plan view showing a light-emitting system 
according to a fifth embodiment of the present in- 
vention; 

Fig. 10 is a vertical sectional view showing a light- 
emitting system according to a sixth embodiment of 
15 . the present invention; 

Fig. 11 is a front view showing a full-color light 
source unit according to a seventh embodiment of 
the present invention; 

Fig. 12 is a sectional view taken along the tine ll-ll 
20 in Fig. 11; 

Fig. 13 is a circuit diagram of the full-color light 
source unit; 

Fig. 14A is a plan view showing a surface light 
source according to an eighth embodiment of the 
25 present invention, Fig. 1 4B is a front view of the sur- 
face light source, and Fig. 1 4C is a side view of the 
surface light source; 

Fig. 15A is a plan view showing a surface light 
source according to a ninth embodiment of the 
30 present invention, Fig. 15B is a front view of the sur- 
face light source, and Fig. 15C is a side view of the 
surface light source; 

Fig. 1 6 is an exploded view showing the configura- 
tion of a surface light source according to a tenth 

35 embodiment of the present invention; 

Fig. 17 is an exploded view showing the configura- 
tion of a surface light source according to an elev- 
enth embodiment of the present invention; 
Fig. 1 8 is a front view showing a modified unit of the 

40 full-color light source unit shown in Fig. 11 ; and 

Fig. 1 9 is a front view showing another modified unit 
of the full-color light source unit shown in Fig. 11 . 

DETAILED DESCRIPTION OF THE PREFERRED 
45 EMBODIMENTS 



which light is transmitted. Other surfaces of the surface 
light guide portion than these surfaces are preferably 
provided as reflection surfaces. The reflection surfaces 
are formed by surface roughening such as etching, 
sandblasting, electric discharging, or the like, or by 
white-printing or by white tape-sticking. There is also an 
effect that light components emitted from the respective 
LEDs and transmitted through the light mixingportion 
are further mixed through the reflection surfaces. Pref- 
erably, the reflectivity of the reflection surfaces is set to 
increase as the location in the reflection surfaces be- 
comes farther from the light entrance surface. That is, it 
is preferable that light is emitted uniformly from the light- 
emitting surface. Moreover, preferably, gradient may be 
given to the thickness of the surface light guide portion 
(the thickness of the light entrance surface side may be 
thickened) as described in the eight embodiment (see 
Figs. 14A to 14C) of the present invention so that light 
made incident into the surface light guide portion from 
the light entrance surface is reflected efficiently toward 
the light-emitting surface. 

[0041] Features and advantages of the invention will 
be evident from the following detailed description of the 
preferred embodiments described in conjunction with 
the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] In the accompanying drawings: 

Fig. 1 A is a plan view showing a light-emitting sys- 
tem according to a first embodiment of the present 
invention , Fig. 1 B is a front view of the light-emitting 
system, and Fig. 1 C is a sectional view taken along 
the line A-A in Fig. IA; 

Fig. 2A is a plan view showing an example in which 
the light-emitting system according to the first em- 
bodiment is applied to a back-lighting unit, Fig. 2B 
is a sectional view taken along the line B-B in Fig. 
2A, and Fig. 2C is a sectional view taken along the 
line C-C in Fig. 2A; 

Fig. 3 is a diagram showing a circuit for driving LEDs 
in the light-emitting system according to the first em- 
bodiment; 

Fig. 4 is a plan view showing another example in 
which the light-emitting system according to the first 
embodiment is applied to a back-lighting unit; 
Fig. 5 is a plan view showing a further example in 
which the light-emitting system according to the first 
embodiment is applied to a back-lighting unit; 
Fig. 6A is a plan view showing a light-emitting sys- 
tem according to a second embodiment of the 
present invention, Fig. 6B is a front view of the light- 
emitting system, and Fig. 6C is a sectional view tak- 
en along the line D-D in Fig. 6A; 
Fig. 7A is a plan view showing a light-emitting sys- 
tem according to a third mbodiment of the present 
invention, Fig. 7B is a front view of the light-emitting 



[0043] Figs. 1 A to 1 C show a light-emitting system ac- 
cording to a first embodiment of the present invention. 
Specifically, Fig. 1A shows the case where a housing 
and a filler member are omitted for the sake of easy un- 
derstanding. Fig. 1 C is a sectional view taken along the 
line A-A in Fig. 1A. The light-emitting system 1 has a 
printed-circuit board 2A on which metal patterns are 
printed so that LEDs can be mounted on the board, a 
plurality of LEDs 3 (3R, 3G and 3B) aligned or arranged 
in a line on a front surface 2a of the printed-circuit board 
2A, a housing 4 having an opening portion 4a provided 
so as to surround the alignment of LEDs 3, and a filler 



so 
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member 5 made of a transparent epoxy resin for sealing 
the alignment of LEDs 3 and filling the opening portion 
4a of the housing 4. 

[0044] The printed-circuit board 2A includes a base 2 
made of a material excellent in heat resistance and 
white reflectivity such as a mixture of a glass epoxy resin 
and a white colorant excellent in white reflectivity, and 
metal patterns printed on a front surface 2a of the base 
2 so as to serve as individual leads 6R, 6G and 6B for 
R, G and B and a common lead 6C common to the LEDs 
3. The respective leads 6R : 6G, 6B and 6C are consti- 
tuted by electrode faces 6R 1 . BG^ , 6B 1 and 6C-, formed 
on the front surface 2a of the base 2, extended portions 
6R 2 , 6G 2 , 6B 2 and 6C 2 formed on a side surface 2b of 
the base 2, and connection portions 6R 3 , 6G 3 , 6B 3 and 
6C 3 formed on a bottom surface 2c of the base 2. The 
electrode faces 6R 1t 6G 1 and 6B 1 for R, G and B re- 
spectively are formed in regions between adjacent ones 
of the LEDs 3. Each of the electrode faces 6G 1 and 6Bj 
for G and B respectively is shaped like an M L W figure. The 
side surface 2b of the base 2 serves as a surface to be 
mounted on a light-emitting system mounting substrate 
which will be described later. The connection portions 
6R 3 , 6G 3 . 6B 3 and 6C 3 are connected to wiring patterns 
formed on the light-emitting system mounting substrate. 
[0045] The alignment of LEDs 3 includes a blue LED 
3B arranged in the center, two red LEDs 3R and 3R ar- 
ranged on the outsides of the blue LED, and two green 
LEDs 3G and 3G arranged on the outsides of the red 
LEDs. For example, each of the. red LEDs 3R is made 
of an InGaAlP (indium-gallium-aluminum-phosphorus) 
semiconductor capable of emitting red light. Each of the 
red LEDs 3 R has a first electrode 3a on its upper surface 
and a second electrode on its lower surface. The first 
electrode 3a on the upper surface is electrically connect- 
ed to the electrode face 6R 1 of a corresponding individ- 
ual lead 6R for R by a bonding wire 7R. The second 
electrode on the lower surface is electrically and me- 
chanically connected to the electrode face 6C 1 of the 
common lead 6C by an electrically conductive adhesive 
agent. For example, each of the green LEDs 3G is made 
of a GaN (gallium nitride) semiconductor capable of 
emitting green light. Each of the green LEDs 3G has first 
and second electrodes 3a and 3b on its upper surface. 
The lower surface of each of the green LEDs 3G is me- 
chanically connected to the electrode face 6G 1 of a cor- 
responding individual lead 6G for G by an adhesive 
agent. The first electrode 3a is electrically connected to 
the electrode face 6G^ of the individual lead 6G for G 
by a bonding wire 7G. The second electrode 3b is elec- 
trically connected to the electrode face SC A of the com- 
mon lead 6C by a bonding wire BG. For example, the 
blue LED 3B is made of a GaN (gallium nitride) semi- 
conductor capable of emitting blue light. The blue LED 
3B has first and second electrodes 3a and 3b on its up- 
per surface. The lower surface of th blue LED 3B is 
mechanically connected to the electrode face 6B 1 of a 
corresponding individual lead 6B for B by an adhesive 



agent. The first electrode 3a is electrically connected to 
the electrode face 6B 1 of the individual lead 6B for B by 
a bonding wire. The second electrode 3b is electrically 
connectedto the electrode face 6C-, of the common lead 

5 6C by a bonding wire 8B. For example, single LEDs 3R, 
3G and 3B for R : G and B have a light intensity ratio of 
1:3:1 . Hence : when the numbers of blue LEDs 3B t red 
LEDs 3R and green LEDs 3G to be used are set to be 
1 , 2 and 3 respectively as described above, an optimum 

10 light intensity ratio of R, G and B (for example, R:G:B=2: 
6:1) is obtained for mixing R, G and B light components 
to generate white light. 

[0046] The housing 4 is made of a white resin such 
as a mixture of polycarbonate and a white colorant high 
is in white reflectivity. The housing 4 is provided so that 
the housing 4 is attached to the printed-circuit board 2A 
after the printed-circuit board 2A inclusive of the align- 
ment of LEDs 3 Is mounted on the light-emitting system 
mounting substrate which will be described later. Inci- 
dentally, a combination of a resin and a white coating 
composition applied onto the opening portion 4a may 
be used as the housing 4. 

[0047] In the light-emitting system 1 in the first em- 
bodiment, a group of LEDs 3G and 3B each having first 
and second electrodes 3a and 3b on the light-emitting 
surface side and a group of LEDs 3R each having a first 
electrode on the light-emitting surface side and a sec- 
ond electrode on the base 2 side are arranged alternate- 
ly on the printed-circuit board 2A. Hence, the LEDs 3R, 
3G and 3B can be arranged compactly because the 
LEDs. 3R, 3G and 3B can be connected easily by the 
bonding wires 7R, 7G t 7B, 8G and 8B even in the case 
where the LEDs 3R, 3G and 3B are arranged densely. 
As a result, a point light source can be provided easily, 
so that improvement in color balance can be achieved. 
[0048] Moreover, white and full-color light good in light 
intensity balance of blue, green and red and good in ef- 
ficiency can be obtained by one package. 
[0049] Moreover, efficient light emission can be made 
because the blue LED 3B can be made to emit light with 
full power when R, G and B light components are mixed 
together to generate white light. 
[0050] Moreover, reduction in size in the direction of 
the width W can be achieved because the leads 6R, 6G, 
6B and 6C are formed in regions between adjacent ones 
of the LEDs 3. 

[0051] Moreover, the heat-radiating area of the light- 
emitting system increases as a whole because each of 
the leads 6R, 6G, 6B and 6C is extended from the front 
surface 2a to the si de surface 2b or to the bottom surface 
2c as well as it is disposed on the front surface 2a. 
Hence, lowering of output power, shortening of the life 
of the light-emitting system, etc. caused by the temper- 
ature rise of the LEDs 3 can be avoided. Moreover, the 
light-emitting system can be mounted on the light-emit- 
ting system mounting substrate easily 
[0052] Moreover, light can be reflected with a high re- 
flectivity with respect to all emission wavelengths of R, 
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G and B because each of the base 2 and the housing 4 
is made of a material high in white reflectivity. Hence, 
light-emitting efficiency can be enhanced, so that power 
saving can be achieved. 

[0053] Moreover, an inexpensive small-size light- 
emitting system can be provided because the printed- 
circuit board 2A that can be produced inexpensively with 
small size is used. 

[0054] Figs. 2A to 2C show an example in which the 
light-emitting system 1 in this embodiment is applied to 
a un it for back-lighting of a full-color liquid-crystal panel. 
Fig. 2B is a sectional view taken along the line B-B in 
Fig. 2A. Fig. 2C is a sectional view taken along the line 
C-C in Fig. 2A. The back-lighting unit 1 0 has a light-emit- 
ting system mounting substrate 11 having an LED drive 
circuit with wiring patterns formed on its front surface 
11a, a light-emitting system 1 provided on one end por- 
tion of the light-emitting system mounting substrate 11 
and having leads 6R, 6G, 6B and 6C connected to the 
wiring patterns formed on the tight-emitting system 
mounting substrate 11 , and a light guide portion 13 for 
receiving light from the light-emitting system 1 through 
its incident face 13a and making the light propagate 
through its inside to thereby output the light as surface- 
like white back-lighting beams from its exit surface 1 3b. 
[0055] The light guide portion 1 3 includes a light guide 
plate 130, a reflection plate 131, and a diffusing plate 
132. The light guide plate 130 is made of a transparent 
material such as polycarbonate, aery late or glass. The 
reflection plate 131 is provided on a rear surface 130a 
of the light guide plate 130 and made of a white film of 
poltethyiene terephthalate, or the like. The reflection- 
plate 1 31 is provided for reflecting light emitted from the 
light-emitting system 1 and received through the inci- 
dent face 13a. The diffusing plate 132 is provided on a 
front surface 1 30b of the light guide plate 1 30 and made 
of a filmof polycarbonate, or the like, having roughness 
on the exit surface 13b. The diffusing plate 132 is pro- 
vided for diffusing light received from the light-emitting 
system 1 through the incident face 13a and reflected 
through the reflection plate 131 . 
[0056] Fig. 3 shows the LED drive circuit formed on 
the light-emitting system mounting substrate 11. As 
shown in Fig. 3, the LED drive circuit has a power supply 
portion 14, and a control portion 16. The power supply 
portion 14 is provided for applying a drive voltage to 
each of anodes of the LEDs 3R, 3G and 3B. The control 
portion 1 6 is connected to cathodes of the LEDs 3R, 3G 
and 3B through transistors 1 5R, 1 5G and 1 5B and con- 
trol resistors 17R, 17G and 17G respectively. The con- 
trol portion 16 is provided for controlling light emission 
of the LEDs 3R, 3G and 3B and controlling the power 
supply portion 14. Hence, the LEDs 3R, 3G and 3B can 
be made to emit light separately as well as the LEDs 
3R, 3G and 3B can be made to emit light simultaneously 
to gen rate a white back-lighting beam. Wh n, for x- 
ample, any two LEDs selected from the LEDs 3R, 3G 
and 3B are made to emit light in combination, light can 



3 759A2 12 

be emitted with seven kinds or more of colors in total. 
[0057] The light-emitting system 1 is incorporated into 
the back-lighting unit 10 as follows. First, the light-emit- 
ting system 1 is mounted on the light-emitting system 
5 mounting substrate 11 in the condition that the housing 
4 and the filler member 5 are not yet provided. That is, 
the connection portions 6R 3 , 6G 3 , 6B 3 and 6C 3 of the 
individual and common leads 6R, 6G, 6B and 6C on the 
light-emitting system 1 are connected to the wiring pat- 
to terns on the front surface 11 a of the light-emitting sys- 
temmounting substrate 11 by solder 9. Then, the hous- 
ing 4 is bonded to the front surface 2a of the LED-mount- 
ing printed-circuit board 2A by an adhesive agent. The 
opening portion 4a of the housing 4 is filled with the filler 
15 member 5 while the LEDs 3R t 3G ad 3B are sealed with 
the filler member 5. Then, the light guide portion 13 is 
mounted on the light-emitting system mounting sub- 
strate 11. * 

[0058] According to the back-lighting unit 10 config- 
20 ured as described above, white light can be diffused into 
the light guide plate 130 uniformly because the LEDs 3 
with respective colors are arranged densely to achieve 
a state imitating a point, light source. As a result, diffu- 
sion uniformity can be secured so that the minimum lu- 

25 minance is kept to be not smaller than 60 % of the max- 
imum luminance. Hence, color irregularity in the full- 
color liquid-crystal panel can be prevented. 
[0059] Moreover, reduction in thickness of the back- 
lighting unit 1 0 can be achieved because the width W of 

30 the light-emitting system 1 can be reduced. 

[0060] Moreover, the light-emitting system 1 can be 
mounted on the light-emitting systemmounting sub- 
strate 11 easily because the light-emitting system 1 can 
be mounted on the light-emitting system mounting sub- 

35 strate 11 in the condition that the housing 4 is not yet 
provided. 

[0061] Fig. 4 shows a modified example of the back- 
lighting unit 10 shown in Fig. 2. The back-lighting unit 
1 0 shown in Fig. 4 is configured in the same manner as 

40 in Fig. 2 except that the light guide portion 13 has two 
incident faces 13a provided on one side and that two 
light-emitting systems 1 are provided on the two incident 
faces 13a respectively. According to the back-lighting 
unit 10, light-emitting characteristic more uniform in the 

45 direction of the width can be obtained. 

[0062] Fig. 5 shows a modified example of the back- 
lighting unit 10 shown in Fig. 2. The back-lighting unit 
10 shown in Fig. 5 is configured in the same manner as 
in Fig. 2 except that the light guide portion 13 has two 

so incident faces 13a provided on the opposite sides and 
that two tight-emitting systems 1 are provided on the two 
incident faces 1 3a respectively. According to the back- 
lighting unit 10, light-emitting characteristic more uni- 
form in the direction of the length can be obtained. 

55 [0063] Figs. 6 A to 6C show a light-emitting system ac- 
cording to a second embodiment of the pres nt inv h- 
tion. Fig. 6A shows the case where the housing 4 and 
the filler member 5 are omitted for the sake of easy un- 
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derstanding. Fig. 6C is a sectional view taken along the 
line D-D in Fig. 6A. The light-emitting system 1 accord- 
ing to the second embodiment is configured in the same 
manner as in the first embodiment except that the LEDs 
3R, 3G and 3B are arranged so that the first and second 
electrodes 3a and 3b of the LEDs 3R. 3G and 3B are 
aligned and that the individual leads 6R (6R n , 6R 2 and 
6R 3 ) ; 6G (6G 1 , 6G 2 and 6G 3 ) and 6B (6B, , 6^ and 6B3) 
are formed in regions perpendicular to the LEDs 3R, 3G 
and 3B respectively. 

[0064] According to the second embodiment, the 
pitch of arrangement of the LEDs 3R, 3G and 3B in the 
direction of the length of the light-emitting system can 
be shortened. Hence, the light-emitting system can be 
formed to imitate a point light source more sufficiently 
compared with the first embodiment. Moreover, the 
length L of the light-emitting system can be shortened. 
[0065] Figs. 7Ato 7D show a light-emitting system ac- 
cording to a third embodiment of the present invention. 
Incidentally, Fig. 7A shows the case where the housing 
4 and the filler member 5 are omitted for the sake of 
easy understanding. Fig. 7C is a sectional view taken 
along the line E-E in Fig. 7A. Fig. 7D is a sectional view 
taken along the line F-F in Fig. 7A. The light-emitting 
system 1 according to the third embodiment is config- 
ured in the same manner as in the first embodiment ex- 
cept that the printed-circuit board 2A in the first embod- 
iment is replaced by a lead frame-structural substrate 
2B and that the housing 4 is made of the same material 
as the base 2. 

[0066] The lead frame -structural substrate 2B in- 
cludes a base 2 made of a material excellent in heat 
resistance and white reflectivity in the same manner as 
in the first embodiment, individual leads 6R, 6G and 6B 
for R, G and B, and a common lead 6C common to the 
LEDs 3. The individual and common leads 6R, 6G P 6B 
and 6C are assembled when the base 2 and the housing 
4 are insert-molded. The leads 6R, 6G, 6B and 6C are. 
constituted by electrode faces 6R 1t 6G-,, 6B t and 6^ 
formed on a front surface 2a of the base 2, and connec- 
tion portions 6R 3 , 6G 3 , 6B 3 and 6G3 formed on a side 
surface 2b of the base 2 respectively. The connection 
portions 6R 3 and 6G 3 of the leads 6R and 6G are formed 
to extend on the housing 4 side. The leads 6R, 6G t 6B 
and 6C are formed as follows. A lead frame is arranged 
in a mold. A material of the base 2 and the housing 4 Is 
injected into the mold to thereby mold the base 2 and 
the housing 4. Then, the lead frame is cut and bent into 
a predetermined shape. Thus, the leads 6R, 6G, 6B and 
6C are formed. 

[0067] When the light -emitting system 1 is to be in- 
stalled in the back-lighting unit as shown in Fig. 4, the 
connection portions 6R 3 , 6G 3 , 6B 3 and 6C 3 formed on 
the side surface 2b of the base 2 having the housing 4 
and the filler member 5 are connected to the wiring pat- 
terns on the light-emitting system mounting substrate 1 1 
by solder to thereby mount the light-emitting system 1 
on the light-emitting system mounting substrate 11 . 



[0068] According to the third embodiment, the work of 
attaching the housing 4 after mounting of the light-emit- 
ting system 1 on the light-emitting system mountingsub- 
strate 11 is not required when the light-emitting system 

5 1 is installed in the back-lighting unit 10. Hence, the 
light-emitting system 1 can be mounted easily. 
[0069] Moreover, a package excellent in heat resist- 
ance can be obtained because the leads 6R, 6G : 6B and 
6C of the lead frame-structural substrate 2B can serve 

10 as a heat sink. 

[0070] Figs. 8A to 8D show a tight-emitting system ac- 
cording to a fourth embodiment of the present inven- 
tion.. Incidentally, Fig. 8A shows the case where the 
housing 4 and the filler member 5 are omitted for the 

is sake of easy understanding. Fig. 8C is a sectional view 
taken along the line G-G in Fig. 8A. Fig. 8D is a sectional 
view taken along the line H-H In Fig. 8A. The iight-emit- 
tingsystem 1 according to the fourth embodiment is con- 
figured in the same manner as in the third embodiment 

20 shown in Fig. 7 except that the LEDs 3R, 3G and 3B are 
arranged so that the first and second electrodes of the 
LEDs 3R, 3G and 3B are aligned as shown in Fig. 6 and 
that the individual leads 6R (6R 1t 6R 2 and 6R 3 ), 6G 
(6G.,, 6G 2 and 6G 3 ) and 6B (6B 1f 6B 2 and 6B 3 ) are 

25 formed in regions perpendicular to the LEDs 3R,3G and 
3B respectively. 

[0071] According to the fourth embodiment, the pitch 
of arrangement of the LEDs 3R, 3G and 3B in the direc- 
tion of the length of the light-emitting system can be 

30 shortened like the second embodiment. Hence, the 
light-emitting system can be formed to imitate a point 
light source more sufficiently. Moreover, the work of at- 
taching the housing 4 after mounting of the light-emitting 
system 1 on the light-emitting system mounting sub- 

35 strate 11 is not required like the third embodiment. 
Hence, the light-emitting system 1 can be mounted eas- 
iiy. 

[0072] The first,, second, third and fourth embodi- 
ments have been described upon the case where a plu- 

*o rality of light-emitting devices are arranged in a line. 
However, the present invention may be applied also to 
the case where light-emitting devices are arranged into 
any other shape such as a multi-row shape, a zigzag 
shape or a circular shape so long as a first group of light- 

4 5 emitting devices each having two electrodes on the 
light-emitting surface side and a second group of light- 
emitting devices each having one electrode on the light- 
emitting surface side and one electrode on the substrate 
side are arranged alternately on the substrate to facili- 

50 tate connection owing to bonding wires when the plural- 
ity of light-emitting devices are arranged densely. Light- 
emitting devices emitting light with one color may be 
used as all the light-emitting devices mounted on the 
substrate. The light-emitting devices may be arranged 

55 so that the first group of light-emitting devic s ach hav- 
ing two electrodes on the light-emitting surface side is 
constituted by one blue light-emitting devic and one or 
more green light-emitting devices whereas the second 
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group of light-emitting devices each having one elec- 
trode on the light-emitting surface side and one elec- 
trode on the substrate side is constituted by two or more 
red light-emitting devices. For example, a combination 
of one blue LED 3B, three green LEDs 3G and three red 
LEDs 3R f a combination of one blue LED 3B, three 
green LEDs 3G and two red LEDs 3R, a combination of 
one blue LED 3B, two green LEDs 3G and two red LEDs 
3R or a combination of one blue LED3B, one green LED 
3G and two red LEDs 3R may be used. 
[0073] Fig. 9 shows a light-emitting system according 
to a fifth embodiment of the present invention. Inciden- 
tally, leads, bonding wires, etc. are not shown in Fig. 9. 
The light-emitting system 1 according to the fifth embod- 
iment is configured so that LEDs 27a large in heating 
value and LEDs 27b small in heating value are arranged 
alternately on the printed-circuit board 2A along the di- 
rection of the length thereof. For example, the LEDs 27a 
large in heating value are GaN semiconductor LEDs ca- 
pable of emitting blue or green light. For example, the 
LEDs 27b small in heating value are InGaAlP semicon- 
ductor LEDs capable of emitting red light. 
[0074] According to the fifth embodiment, lowering of 
output power, shortening of the life of the light-emitting 
system, etc. caused by the temperature rise of the LEDs 
27a and 27b can be avoided because heat generated 
by the LEDs 27a and 27b can be dispersed. Incidentally, 
the LEDs 27a and 27b may be arranged into any other 
shape such as a multi-row shape, a zigzag shape or a 
circular shape if the LEDs 27a large in heating value can 
be arranged so as not to be adjacent to one another. 
The respective numbers of the LEDs 27a and 27b are 
not limited to this embodiment. For example, the LEDs 
27a and 27b may be arranged in order of (S) - (S) - (L) 
- (S) - (S), (L) - (S) - (S) - (S) - (L), (L) - (S) - (S) - (L), or 
the like, when (L) represents an LED 27a large in heat- 
ing value and (S) represents an LED 27b small in heat- 
ing value. 

[0075] Fig. 10 shows a light-emitting system accord- 
ing to a sixth embodiment of the present invention. In- 
cidentally, leads, bondtngwires, etc. are not shown in 
Fig, 10. The light-emitting system 1 according to the 
sixth embodiment is configured so that LEDs 37a low in 
height and LEDs 37b high in height are arranged alter- 
nately on the printed-circuit board 2A along the direction 
of the length thereof. For example, the LEDs 37a low in 
height are 0.1 mm-height GaN semiconductor LEDs ca- 
pable of emitting blue or green light. For example, the 
LEDs 37a high in height are 0,25 mm-height InGaAlP 
semiconductor LEDs capable of emitting red light. 
[0076] According to the sixth embodiment, light from 
the low-height LED 37a located at each end can be re- 
flected at the opening portion 4a of the housing 4 and 
radiated to the outside without being disturbed by the 
high-height LEDs 37b. At the same time, light from the 
high-height LED 37b can be reflected at the opening 
portion 4a of the housing 4 and radiated to the outside 
without being disturbed by the other LEDs 37a and 37b. 



Hence, radiating efficiency can be improved. Incidental- 
ly, the LEDs 37a and 37b may be arranged into any other 
shape such as a multi-row shape, a zigzag shape or a 
circular shape if the high-height LEDs 37b can be ar- 

5 ranged so as not to be adjacent to one another. The 
numbers of the LEDs 37a and 37b are not limited to this 
embodiment. For example, the LEDs 37a and 37b may 
be arranged in order of (h)-(l)-(h)-(l)-(h), 
(l)-(l)-(h)-(l)-(l), (l)-(h)-(l), or the tike; when (I) represents 

10 an LED 37a low in height and (h) represents an LED 
37b high in height. 

[0077] As described above, in the light-emitting sys- 
tem according to the present invention, a first group of 
light-emitting devices each having two electrodes on a 

is light-emittingsurfacesideand a secondgroupof light- 
emitting devices each having one electrode on the light- 
emitting surface side and one electrode on a substrate 
side are arranged alternately on a substrate. Hence, 
even in the case where the light-emitting devices are 

20 arranged densely, the light-emitting devices can be con- 
nected easily by bonding wires. Hence, the light-emit- 
ting devices can be mounted compactly. As a result, a 
point light source can be provided easily, so that im- 
provement in color balance can be achieved. 

25 [0078] Moreover, the heat-radiating area of the light- 
emitting system increases as a whole because individ- 
ual leads connected to the light-emitting devices are ex- 
tended from a front surface of the substrate to a side 
surface of the substrate. Hence, lowering of output pow- 

30 er, shortening of the life of the light-emitting system, etc. 
caused by the temperature rise of the light-emitting de- 
vices can be avoided. Moreover, the light-emitting sys- 
tem can be mounted easily on the light-emitting system 
mounting substrate. 

35 [0079] Moreover, when a first group of light-emitting 
devices large in heating value and a second group of 
light-emitting devices small in heating value are used, 
the first group of light-emitting devices and the second 
group of light-emitting devices are arranged in a line on 

40 the substrate so that the first group of light-emitting de- 
vices are not adjacent to one another. Hence, heat gen- 
erated from the plurality of light-emitting devices can be 
dispersed, so that lowering of output power, shortening 
of the lite of the light-emitting system, etc. caused by the 

45 temperature rise of the light-emitting devices can be 
avoided! 

[0080] Moreover, when a first group of light-emitting 
devices high in height and a second group of light-emit- 
ting devices low in height are used, the first group of 

50 light-emitting devices and the second group of light- 
emitting devices are arranged in a line on the substrate 
so that the first group of light-emitting devices are not 
adjacent to one another. Hence, radiation of light from 
one light-emitting device in the first group of light-emit- 

55 ting devices to the outside can be prevented from being 
disturbed by the other light-emitting devices in the first 
group. Hence, improvement in color balance can be 
achieved. 
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[0081] Next, the seventh embodiments of the present 
invention will be described below. 
[0082] Fig. 11 is a front view of a full-color light source 
unit 201 according to the seventh embodiment of the 
present invention. The full-color light source unit 201 
comprises a light source portion 203, and a connector 
portion 205. 

[0083] A casing 207 has an opening portion 208 
through which the light source portion 203 is exposed. 
Five connection pins 251 to 254 are protruded from an 
upper edge of the casing 207. The connector portion 
205 is constituted by the connection pins 251 to 254. 
[0084] For the light source portion 203, light-emitting 
systems according to the aforementioned first to sixth 
embodiments may be used. 

[0085] A blue LED 21 1 is arranged in the center of the 
light source portion 203 according to the present inven- 
tion. Red LEDs 212 and 213 are arranged on the both 
sides of ihe blue LED 211 . Green LEDs 21 4 and 21 5 are 
arranged on the outer sides of the red LEDs 212 and 
213 respectively. In each of the red LEDs (for example, 
SOA-350N provided by Showa Denko K.K.), a substrate 
can be used as a negative electrode. Hence, as shown 
in Figs. 11 and 12, the respective substrates of the red 
LEDs 212 and 213 are connected to a base electrode 
217 of the light source portion 203. Respective n-type 
electrodes of the blue and green LEDs 21 1 , 21 4 and 21 5 
are connected to the base electrode 217 by bonding 
wires 225, 227 and 229 respectively. A p-type electrode 
of the blue LED 21 1 is connected to a second electrode 
21 9 by a bonding wire 231 . Similarly, p-type electrodes 
of the red LEDs 212 and 213 are connected to a third 
electrode 221 by bonding wires 233 and 235 respective- 
ly. P-type electrodes of the green LEDs 21 4 and 21 5 are 
connected to a fourth electrode 223 by bonding wires 
237 and 239 respectively. Incidentally, arrangement or- 
der of the blue LED 21 1 , the green LEDs 21 4, 21 5, and 
the red LEDs 212, 213 can be changed as shown in 
Figs. 18 and 19. 

[0086] As shown in Fig. 12, each of the LEDs 211 to 
215 is covered with a transparent resin material (such 
as epoxy resin) 260. 

[0087] The base, second, third and fourth electrodes 
217, 19, 221 and 223 are connected to the connection 
pins 251, 252, 253 and 254 respectively. Incidentally, 
Fig. 13 is a circuit diagram showing the full-color light 
source unit according to this embodiment. 
[0088] Figs. 1 4A to 1 4C show an example of a surface 
light source in which full-color light source units 201 as 
described above are incorporated. Fig. 14A is a plan i 
view of the surface light source; Fig. 1 4B is a front view 
thereof; and Fig. 14C is a side view thereof. 
[0089] In this embodiment, five full-color light source 
units 201 are used. The connection pins 251 to 254 are 
inserted into through-hol s formed in a substrate 271 i 
and are soldered, so that the respective full-color light 
source units 1 are fixed to the substrate 271 and, at the 
same time, are electrically connected to wiring patterns 



of the substrate 271 . A controller 273 is adapted to con- 
trol the respective LEDs of the full-color light source 
units 201 individually for every similar color. Hence, 
when any one of the LEDs deteriorates earlier than ex- 
5 pected, the other LEDs can be controlled to always de- 
velop desired white. It is a matter of course that the re- 
spective LEDs may be controlled to develop any option- 
al color. 

[0090] The light source portions 203 of the full-color 

" light source units 201 are arranged opposite to an upper 
surface of a light mixing portion 281. The light mixing 
portion 281 is a rod-like plate having a transparent resin 
(such as methacrylic resin), and a light diffusing material 
(such as mica) dispersed in the transparent resin. Light 

? 5 components emitted from the respective LEDs and 
made incident into the light mixing portion 81 from its 
upper surface are diffused by the light diffusing material 
and mixed together. As a result white light is made in- 
cident into an upper edge of a surface light guide portion 

*° 291 from the lower surface of the light mixing 
portion281 . Side surfaces of the light mixing portion 281 
are provided as white-printed reflection surfaces to 
achieve prevention of light leakage out of the side sur- 
faces and improvement of light diffusing efficiency. Al- 

» ternatively, the side surfaces may be roughened to 
serve as reflection surfaces. 

[0091] As shown in Fig. 14C, the surface light guide 
portion 91 has a back surface inclined. A reflection sur- 
face 293 is provided as a roughened surface. Roughen- 

w ing the back surface promotes irregular reflection of light 
to attainmore sufficient mixing of light components emit- 
ted from the respective LEDs of the full-color light source 
units 201 . The back surface is inclined so that the sur- 
face light guide portion 291 becomes thinner as the lo- 

s cation in the surface light guide portion 291 becomes 
farther from the light entrance surface. Hence, light re- 
flecting efficiency of the surface light guide portion 291 . 
toward the frontal light-emitting surface is improved and, 
at the same time, uniformity of light-emitting density in 

o the frontal light-emitting surface is attained. Side and 
lower edges of the surface light guide portion 291 are 
also provided as reflection surfaces to achieve preven- 
tion of light leakage out of the side and lower edges and 
improvement of light diffusing efficiency. 

5 [0092] In the surface light source as configured as de- 
scribed above according to this embodiment, blue, 
green and red light components emitted from the re- 
spective LEDs of the full-color light source units 201 are 
mixed together in the light mixing portion 281 to thereby 

> generate white light. That is, the full-color light source 
units 201 and the light mixing portion 81 constitute a full- 
color light source. 

[0093] The white light generated by the light mixing 
portion 81 is made incident into the surface light guide 
; portion 291 from the upper edge thereof. The whit light 
made incident into th surface light guide portion 291 is 
reflected by the reflection surface 293 on the back of the 
surface light guide portion 291 and emitted from the 
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frontal light-emitting portion. Thus, the frontal light-emit- 
ting portion emits white light. The white light emitted 
from the frontal fight-emitting portion contains all light 
components with three primary colors (RGB) of light, in- 
clusive of red light component. Hence, the white light is 
preferably used for back-lighting or front-lighting of a 
full-color liquid-crystal panel. 

[0094] In the light source portion 3 of each full-color 
light source unit 201 , red LEDs 212 and 213 and green 
LEDs 214 and 215 larger in number than one blue LED 
211 are arranged with the blue LED 11 disposedas the 
center of the arrangement. Hence, even in the case 
where the respective LEDs are made to emit light with 
the rated power, that is, with nearly full power, any spe- 
cific color tone is prevented from becoming intensive. 
Hence, white light can be emitted efficiently. 
[0095] In the light source portion 203 of each full-color 
light source unit 1 in this embodiment, the red LEDs 21 2 
and 213 and the green LEDs 21 4 and 21 5 are arranged 
symmetrically with respect to the blue LED 11 disposed 
as the center. Hence, light mixing in the light mixing por- 
tion is promoted because different colors are alternated 
compared with the case where colors of the same stock 
arc arranged continuously. Moreover, it becomes easy 
to lay bonding wires for the respective LEDs because 
the red LEDs 212 and 213 each having only one elec- 
trode on the front side are disposed between the blue 
LED 211 and the green LEDs 214 and 215. 
[0096] Figs. 15A to 15C show a surface light source 
according to the ninth embodiment of the present inven- 
tion. In this embodiment, parts the same as those in 
Figs. 1 4A to 1 4C are referenced correspondingly so that 
the description of the parts is omitted here. 
[0097] In the surface light source according to the em- 
bodiment shown in Figs. 15A to 15C, the light mixing 
portion 281 shown in Figs. 14Ato 14C is omitted and 
an attachment portion 295 for attaching the full-color 
light source units 201 is integrally provided on the upper 
edge of the surface light guide portion 291 . Further, the 
back surface 293 of the surface light guide portion 291 
is provided as a rough surface so that light components 
emitted from the full-color light source units 201 can be 
reflected irregularly and mixed more efficiently, 
[0098] According to the surface light source config- 
ured as shown in Figs. 15A to 15C, cost reduction can 
be achieved because the number of pans can be re- 
duced compared with the surface light source shown in 
Figs. 14A to 14C. 

[0099] A surface light source 101 according to the 
tenth embodiment of the present invention will be de- 
scribed below with reference to Fig. 16. 
[0100] The surface light source 101 comprises a full- 
color light source unit 103, a light mixing portion 110, 
and a surface light guide portion 130. 
[0101] The light source proposed in this embodiment 
is particularly characterized in the light mixing portion 
1 1 0. The full-color light source unit 1 03 having LEDs is 
not limited to a unit having all RGB LEDs. For example, 



the full-color light source unit 103 may be of the type of 
forming white light by combination of a blue LED and a 
fluorescent material. 

[0102] The case where the surface light source 101 
s in this embodiment is adapted for back-lighting or front- 
lighting of a full-color liquid-crystal panel will be de- 
scribed below. 

[0103] In this embodiment, any arrangement of blue, 
red and green LEDs can be used because the light mix- 

io ing ability of the light mixing portion is improved. It is a 
matter of course that the number of blue LEDs is pref- 
erably set to be smaller than the number of any other 
kind of LEDs from the point of view of driving the respec- 
tive LEDs with the rated power to secure high efficiency. 

is The full-color light source unit 1 according to the previ- 
ously described embodiment may be used especially 
preferably. 

[0104] The light mixing portion 110 is made of a light- 
transmissiblematerial (suchasmethacryiicresin) . The 
20 light mixing portion 110 is constituted by three portions, 
namely, a light condensing portion 111, a diffusing por- 
tion 115, and a light distributing portion 117. The light 
condensing portion 111 has a reflection surface 11 3. The 
reflection surface 113 reflects light components emitted 
25 from the respective LEDs of the full-color light source 
unit 103 toward the diffusing portion 115. Use of a rough 
surface as the reflection surface 113 has an effect that 
light components emitted from the respective LEDs of 
the full-color light source unit 103 are mixed together. 
30 The reflection surface 1 1 3 may be shaped like a Fresnel 
lens so that light components emitted from the respec- 
tive LEDs of the full-color light source unit 1 03 are con- 
verged at the diffusing portion 115. That is, when the 
focal point of the Fresnel lens is placed in the diffusing 
35 portion 115, mixing of light components emitted from the 
respective LEDs is promoted. A white-printed surface 
may be used as the reflection surface. 
[0105] The diffusing portion 115 contains a light dif- 
fusing material such as mica dispersed therein. Hence, 
40 light components emitted from the respective LEDs and 
condensed at the diffusing portion 115 are diffused to 
thereby form white light. The white light is made incident 
into a light entrance surface 118 of the light distributing 
portion 117. The light distributing portion 117 has a re- 
45 flection surface 119 inclined. The light made Incident in- 
to the light distributing portion 117 from the light en- 
trance surface 1 1 8 is reflected through the reflection sur- 
face 119 toward the light-emitting surface 120. Also the 
reflection surface 119 of the light distributing portion 117 
so is roughened or white-printed in the same manner as 
the reflection surface 1 1 3 of the light condensing portion 
111. The reason why the reflection surface 119 is in- 
clined is as follows. This is because the white light made 
incident into the light distributing portion 117 from the 
55 light entrance surface 118 is distributed into the light- 
emitting surface 120 side more efficiently and uniformly 
so that luminance can be kept uniform on the light-emit- 
ting surface 120 as a whole. 
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[01 OB] The surface light guide portion 1 30 has a back 
surface 135 provided as a reflection surface. Also the 
reflection surface is formed by a surface-roughening 
process or by a white-printing process. The white light 
emitted from the light-emitting surface 120 of the light 
distributing portion 1 1 7 is made incident into the surface 
light guide portion 130 from the upper edge (light en- 
trance surface) 131 of the surface light guide portion 
130. The light is emitted from a light-emitting surface 
1 33 of the surface light guide portion 1 30 while reflected 
irregularly through the back surface 1 35. As a result, the 
light-emitting surface 133 is made to emit white light. 
[0107] Although Fig. 16 shows the case where re- 
spective parts are separated forthe sake of explanation, 
the respective parts are arranged to be close to one an- 
other in practical use. In the respective parts shown in 
Fig. 16, all surfaces inhibited from transmitting light are 
preferably provided as reflection surfaces to achieve 
prevention of light leakage out of the reflection surfaces 
and improvement of light diffusing efficiency. 
[01 08] A full-color light source unit 1 03 and a light mix- 
ing portion 110 may be provided additionally on the low- 
er edge side of the surface light guide portion 130. In 
this case, the surface light guide portion 130 can be 
made to emit white light more uniformly with higher lu- 
minance. 

[0109] In the surface light source 101 configured as 
shown in Fig. 1 6, the path of light in the light mixing por- 
tion 110 is elongated. Hence, light components emitted 
from the respective LEDs arranged in the full-color light 
source unit 103 can be mixed more securely to synthe- 
size white light. Moreover, the light mixing portion 110 
has the roughened reflection surfaces 113 and 119 in 
addition to the diffusing portion 115. Hence, a highly dif- 
fusing effect can be obtained. 
[0110] In this embodiment, light emitted from the full- 
color light source unit 103 is bent by 180 degrees in the 
light mixing portion 110. That is, the full-color light 
source unit 1 03 and the surface light guide portion 1 30 
are arranged in parallel to each other. It is a matter of 
course that the reflection surface 113 of the light con- 
densing portion 111 may be omitted and a light source 
unit may be provided in place of the reflection surface 
113. 

[0111] A light mixing means may be considered to be 
constituted by a combination of the light condensing por- 
tion 111 and the diffusing portion 115. A full-color light 
source may be considered to be constituted by a com- 
bination of the light mixing means and the full-color light 
source unit 103. The full-color light source must be ar- 
ranged opposite to the light entrance surface 118 of the 
light distributing portion 117. Hence, the position of the 
full-color light source is determined on the basis of the 
position of the light entrance surface 1 1 B of the light dis- 
tributing portion 117. In this embodiment, the light n- 
trance surface 118 and the light- mitting surfac 120 
cross each other at nearly right angles. If the two sur- 
faces become parallel to each other, this embodiment 



is substantially equalized to the embodiment shown in 
Figs. 4A to 4C. 

[0112] Fig. 17 shows a surface light source 201 .ac- 
cording to the eleventh embodiment of the present in- 

5 vention. In the surface light source according to this em- 
bodiment parts the same as those in the surface light 
source according to the previously described embodi- 
ment of Fig. 16 are referenced correspondingly so that 
the description of the parts is omitted here. 
[0113] The surface light source 201 according to this 
embodiment is formed so that the light condensing por- 
tion 111 and the light distributing portion 117 in the sur- 
face light source 101 shown in Fig. 16 are integrated 
with each other while the light mixing portion 1 1 0 is omit- 

'5 ted. That is, the surface light source 201 comprises a 
full-color light source unit 1 03, a light mixing portion 21 0, 
and a surface light guide portion 130. The light mixing 
portion 210 has reflection surfaces 113 and 119. Light 
components emitted from the respective LEDs of the 

20 full-color light source unit 1 03 are mixed together on the 
basis of irregular reflection through the reflection surfac- 
es 11 3 and 11 9. The mixed light is emitted from the light- 
emitting surface 120 of the light mixing portion 210 to- 
ward the surface light guide portion 130. 

25 [0114] The surface light source 201 configured as 
shown in Fig. 17 can achieve reduction in size and 
weight and reduction in cost because the number of 
parts can be reduced compared with the surface light 
source 101 shown in Fig. 16. 

30 [0115] Each of the surface light sources described 
above is disposed on the back surface of a full-color liq- 
uid crystal panel of a full-color display so as to be used 
as a back light. That is, the shape of the light emitting 
portion of the surface light source may be designed free- 

35 ly. if the width is reduced, there is provided a linear light 
source. Further if the area is made small, there can be 
provided a full-color point light source. 
[0116] The full-color light source unit, the full-color 
light source, the light distributing portion, the light mixing 

40 portion and the light mixing means according to the 
present invention can be applied also to a linear light 
source in a full-color scanner. 
[0117] The present invention is not limited to the de- 
scription of the modes for carrying out the invention and 

<5 the embodiments thereof at all. The present Invention 
includes various changes and modifications that can be 
conceived easily by those skilled in the art without de- 
parting from the scope of claim. 
[01 18] The following items are disclosed. 

so 

(21) A surface light source comprising: 

a full-color light source using LEDs as light 
sources; 

55 a surface light guide portion; and 

a light distributing portion for distributing light 
emitted from the full-color light source into a 
light entrance surface of the surface light guide 
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portion substantially uniformly. 

(22) A surface light source comprising: 

a full-color light source using LEDs as light 5 
sources; 

a light mixing portion for mixing light emitted 
from the full-color light source; and 
a light distributing portion for substantially uni- 
formly distributing light obtained from the light 10 
mixing portion. 

(23) A surface light source according to the para- 
graph (21 ) or (22) , wherein the full-color light source 
unit includes at least one blue LED; green LEDs is 
larger in number than said blue LED; and red LEDs 
larger in number than said blue LED; and the sur- 
face light source further includes a light mixing 
means for mixing light emitted from the full-color 
light source unit. 20 

(24) A surface light source according to the para- 
graph (23), wherein the light mixing means in- 
cludes: 

a light condensing portion for condensing light 25 
components emitted from the respective LEDs 
of the full-color light source unit and reflected 
irregularly; and 

a diffusing portion for diffusing the condensed 
light. 30 

(31) A surface light source comprising: 

a surface light guide portion; 
a light distributing portion including a light-emit- 35 
ting surface arranged opposite to the surface 
light guide portion, and a light entrance surface 
crossing the light-emitting surface, the light dis- 
tributing portion being provided so that white 
light made incident into the light entrance sur- 40 
face is distributed into the light-emitting surface 
uniformly; and 

a full-color light source for making white light 
incident into the light entrance surface of the 
light distributing portion. 45 

(32) A surface light source according to the para- 
graph (31), wherein the light-emitting surface and 
the light entrance surface in the light distributing 
portion cross each other substantially at right an- so 
gles. 

(33) A surface light source according to the para- 
graph (31) or (32), wherein the full-color light source 
unit includes at least one blue LED; green LEDs 
larger in number than said blue LED; and red LEDs 55 
larger in number than said blue LED; and the sur- 
face light source further includes a light mixing 
means for mixing light emitted from the full-color 



A2 24 

light source unit. 

(34) A surface light source according to the para- 
graph (33), wherein the light mixing means has: 

a light condensing portion for condensing light 
components emitted from the respective LEDs 
of the full-color light source unit and reflected 
irregularly: and 

a diffusing portion for diffusing the condensed 
light.. 

(40) A linear light source comprising: 

a full-color light source unit including at least 
one blue LED; green LEDs larger in number than 
said blue LED; and red LEDs larger in numberthan 
said blue LED; and the surface light source further 
includes a light mixing portion. 
(50) A point light source comprising: 

a full-color light source unit including at least 
one blue LED; green LEDs larger in number than 
said blue LED; and red LEDs larger in numberthan 
said blue LED; and the surface light source further 
includes a light mixing portion. 



Claims 

1 . A full-color light source unit comprising: 

at least one blue LED; 

at least one green LED; and 

red LEDs larger in numberthan said blue LED. 

2. A unit according to claim 1 .wherein each of said 
LEDs is provided as a bare chip. 

3. A unit according to claim 1 or 2, wherein said LEDs 
are packed in a package. 

4. A unit according to any of claims 1 to 3, wherein 
said three kinds of LEDs are arranged with said blue 
LED disposed as a center of arrangement. 

5. A unit according to claim 4, wherein said red LEDs 
are arranged outside said blue LED, and said green 
LED Is arranged further outside said red LEDs. 

6. A unit according to claim 4 or 5, wherein all the LEDs 
except said blue LED are arranged symmetrically 
with respect to said blue LED disposed as the cent- 
er of the arrangement. 

7. A unit according to any of claims 4 to 6, wherein 
said red LEDs are arranged on one side and said 
green LED is arranged on the other side with said 
blue LED dispos d as the center of the arrange- 
m nt. 
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8. A unit according to any of claims 1 to 5, wherein all 
the LEDs are arranged on a straight line. 

9. A full-color light source comprising: 

a full-color light source unit according to any 
of claims 1 to 8; and a light mixing portion for mixing 
light components 

emitted from said respective LEDs of said full-color 
light source unit with each other to thereby emit the 
mixed light. 

10. A surface light source comprising: 

a light mixing portion according to claim 9; and 
a surface light guide portion. 

11. A surface light source comprising: 

at least one full-color light source unit according 
to any of claims 1 to 8; 

a light mixing portion for mixing light emitted 
from said respective LEDs of said full-color light 
source unit; 

a surface light guide portion; and 
a light distributing portion for leading the mixed 
light from said light mixing portion to said sur- 
face light guide portion to thereby make said 
surface light guide portion emit light substan- 
tially uniformly. 

12. A display body comprising: 

a surface light source according to claim 10; 
and 

a liquid-crystal display portion. 

13. A light-emitting system comprising a plurality of 
light-emitting devices mounted on a substrate, 
wherein 

said plurality of light-emitting devices include a 
first group of light-emitting devices and a sec- 
ond group of light-emitting devices, each of 
said first group of light-emitting devices having 
first and second electrodes on a light-emitting 
surface side, each of said second group of light- 
emitting devices having a first electrode on said 
light-emitting surface side and a second elec- 
trode on a side opposite to said light-emitting 
surface side; and 

said first group of light-emitting devices and 
said second group of light-emitting devices are 
arranged alternately in a line on said substrate. 

14. A light-emitting system according to claim 13, 
wherein said substrate is provided with individual 
leads which are formed in regions between adja- 
cent ones of said light-emitting devices arranged in 



a line and to which said first electrodes of said light- 
emitting devices are wire-bonded respectively. 

15. A light-emitting system according to claim 13, 
5 wherein said substrate is provided with individual 

leads which are formed in regions perpendicular to 
said light-emitting devices arranged in a line and to 
which said first electrodes of said light-emitting de- 
vices are wire-bonded respectively. 

w 

16. A light-emitting system according to claim 14, 
wherein each of said individual leads is formed to 
extend from a front surface of said substrate to a 
side surface of said substrate, 

75 

17. A light-emitting system according to any of claims 
13 to 16, wherein said substrate Is a printed-circult 
board in which a plurality of leads to be connected 
to said first and second electrodes of said respec- 

20 tive light-emitting devices are printed on an electri- 
cally insulating base by a circuit-printing technique. 

18. A light-emitting system according to any of claims 
13 to 16, wherein said substrate is a lead frame- 

25 structural substrate formed by a technique in which 
an electrically insulating material is injected into a 
mold in a condition that a lead frame to be connect- 
ed to said first and second electrodes of said re- 
spective light-emitting devices is arranged in said 

30 mold. 

19. A light-emitting system according to any of claims 
13 to 18, wherein 

35 said first group of light-emitting devices include 

one blue light-emitting device, and one or more 
green light-emitting devices; and 
said second group of light-emitting devices in- 
clude two or more red light-emitting devices. 

40 

20. A light-emitting system according to any of claims 
13 to 18, wherein 

said first group of light-emitting devices include 
45 two green light-emitting devices, and one blue 

light-emitting device; 

said second group of light-emitting devices in- 
clude two red light-emitting devices; and 
said two red light-emitting devices, said two 
50 green light-emitting devices and said one blue 

light- emitting device are arranged on said sub- 
strate in order of one green light-emitting de- 
vice, one red light-emitting device, one blue 
light- emitting device, one red light-emitting de- 
55 vice and one green light- mitting devic . 

21 . A light-emitting system according to any of claims 
13 to 20, wherein said substrate includes a reflec- 
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tion housing, and a sealing member, said reflection 
housing having an opening portion provided on a 
side of mounting of said light-emitting devices and 
provided so as to surround said light-emitting devic- 
es, said sealing member being made of a light- 5 
transmissible material forsealing said light-emitting 
devices and filling said opening portion of said re- 
flection housing. 

22. A light-emitting system comprising a plurality of 10 
light-emitting devices mounted on a substrate, 
wherein 

said substrate includes a common lead being 
common to said light-emitting devices, and in- '5 
dividual leads being peculiar to said light-emit- 
ting devices respectively, said common and in- 
dividual leads being formed as predetermined 
patterns on a front surface of an electrically in- 
sulating base; and 20 
each of said common lead and said individual 
leads has a portion extended to one side sur- 
face of said electrically insulating base. 

23. A light-emitting system according to claim 22 f 25 
wherein said substrate is a printed-circuit board in 
which said common lead and said individual leads, 
inclusive of said extended portions, are printed on 
said front surface and said one side surface of said 
electrically insulating base by a circuit-printing tech- 30 
nique 

24. A light -emitting system according to claim 22, wher- 
in said substrate is a lead frame-structural substrate 
formed by a technique in which an electrically insu- 35 
lating material is injected into mold in a condition 
that a lead frame corresponding to said common 
and individual leads is arranged in said mold. 

25. A light-emitting system according to any of claims 40 
22 to 24 wherein 

said front surface of said electrically insulating 
base has a linear arrangement region in which 
said light-emitting devices are arranged in a 45 
line; and 

said individual leads are constituted by "L"- 
shaped leads and linear leads arranged alter- 
nately, each of said "L"-shaped leads having a 
bonding lead region extended on said arrange- so 
ment region, and a connection lead region for 
connecting said bonding lead region to said ex- 
tended portion, each of said linear leads being 
extended from said arrangement region toward 
said extended portion. ss 

26. A light- mitting system according to any of claims 
22 to 24, wherein 



-> S.56 

said front surface of said electrically insulating 
base has a linear arrangement region in which 
said light-emitting devices are arranged in a 
line; and 

said individual leads are constituted by linear 
leads of the type extended from said arrange- 
ment region toward said extended portion , and 
linear leads of the type having a predetermined 
distance from said arrangement region and ex- 
tended toward said extended portion, said two 
types of linear leads being arranged alternately 

27. A light-emitting system comprising a plurality of 
light-emitting devices mounted on a substrate; 
wherein 

said light-emitting devices include a first group 
of light-emitting devices capable of emitting 
light with a predetermined heating value, and a 
second group of light-emitting devices capable 
of emitting light with a heating value smaller 
than said predetermined heating value; and 
said first group of light-emitting devices and 
said second group of light-emitting devices are 
arranged in a line on said substrate so that said 
first group of light-emitting devices are not ad- 
jacent to one another. 

28. A light-emitting system comprising a plurality of 
light-emitting devices mounted on a substrate, 
wherein 

said light-emitting devices include a first group 
of light-emitting devices with a predetermined 
height, and a second group of light-emitting de- 
vices with a height lower than said predeter- 
mined height; and 

said first group of light-emitting devices and 
said second group of light-emitting devices are 
arranged in a line on said substrate so that said 
first group of light-emitting devices are not ad- 
jacent to one another. 

29. A light-emitting system according to claim 27, 
wherein said substrate includes a reflection housing 
and a sealing member, said reflection housing hav- 
ing an opening portion on a side of mounting of said 
light-emitting devices so as to surround said light- 
emitting devices, said sealing member being made 
of a light-transmissible material for sealing said 
light-emitting devices and filling said opening por- 
tion of said reflection housing. 

30. A light-emitting system according to claim 28, 
wherein said substrate includes a reflection housing 
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and a s aling member, said reflection housing hav- 
ing an opening portion on a side of mounting of said 
light-emitting devices so as to surround said light- 
emitting devices, said sealing member being made 
of a light-transmissible material for sealing said s 
light-emitting devices and filling said opening por- 
tion of said reflection housing. 

31 . Aunit according to claim 1 , wherein said plurality of 
LEDs are classified into a first group of said blue *0 
LED and said green LED and a second group of red 
LEDs, each of said first group of LEDs having first 
and second electrodes on a light-emitting surface 
side, each of said second group of LEDs having a 
first electrode on said light-emitting surface side '5 
and a second electrode on a side opposite to said 
light-emitting surface side, and 

said first group of LEDs and said second 
group of LEDs are arranged alternately in a line on 
a substrate. 20 

32. Aunit according to claim 1, wherein saidplurality of 
LEDs are classified into a first group of said blue 
LED and said green LED and a second group of red 
LEDs, each of said first group of LEDs being capa- 25 
ble of emitting light with a predetermined heating 
value, and each of said second group of LEDs being 
capable of emitting light with a heating value smaller 
than said predetermined heating value, and 

said first group of LEDs and said second 30 
group of LEDs are arranged in a line on a substrate 
so that said first group of LEDs are not adjacent to 
one another. 



33. A unit according to claim 1 , wherein said plurality of 35 
LEDs are classified into a first group of said blue 
LED and said green LED and a second group of red 
LEDs, each of- said first group of LEDs has a pre- 
determined height, and each of said second group 
of LEDs has a height higher than said predeter- 40 
mined height, and 

said first group of LEDs and said second 
group of LEDs are arranged in a line on a substrate 
so that said first group of LEDs are not adjacent to 
one another. 45 



34. A full-color light source unit according to claim 1, 
further comprising a plurality of green LEDs larger 
in number than said blue LED. 
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